IN THE United States hypertension is frequently associated with overt heart disease, especially congestive failure and myocardial infaretion. In Japan, however, hypertensive subjects seldom manifest such cardiac complications. This striking difference in the course of hypertension raises several questions of epidemiologic interest, not the least of which is whether or not overt heart disease is a sequela of uncomplieated hypertension or requires a superimposed factor? If such a factor is necessary, it is worth consideriuig its nature. This report presents epidemiologic data bearing on this point by considering the prevalence, nature, and consequences of hypertensioni in Ihiroshima, particular attention being giveni to the interrelations of blood pressure, iseheiuie (atherosclerotic) heart disease, and blood lipid levels. Furthermore, sinee a majority of the subjects seen are survivors of the atomic bombing of 1945, the possibility of late cardiovascular sequelae of irradiation has been investigated.
Methods
This study was coinducted at the Atomic BoIImb Casualty Cormnission (ABCC), a joint Japanese and Ainerican enterprise primnarily concerned with the late biological effects of ionizing irradiation. 1 The current study is a survey of Hiroshima Atomie Boimb survivors and suitable comiiparison groups, carefully matched as to age and sex. Groups I and II both consist of survivors exposed within 2,000 meters of the hypocenter, but whereas group-I subjects give an acceptable history of acute irradiation disease, group-II subjects do not. Group III represents survivors exposed between 3,000 to 3,499 meters and who, therefore, experienced negligible irradiation but shared with groups I and II the other effects of the disaster. Group IV represents subjects who entered Hiroshima subsequent to the boinbing and, therefore, experienced neither irradiation nor the immiinediate disaster. Most of the subjects are derived fromn the Japanese census of 1950 without knowledge of their medical history. Of the individuals selected in each category, 80 to 83 per cent were examiined. In all, refusals accounted for 9 per cent of the contacts but only 1.1 per cent of the contacts gave illness as a reason and were not seen in the hospital or at home. 2 The hypertensive group represents all subjects between the ages of 30 and 69 years seen in a 1-year period whose blood pressure on all determinations was greater than 140 mm. Hg systolic, 90 nuni. Hg diastolic. Three deteriminations were performiied; twice by the examining Japanese physician, at the beginning and end of his examination, and finally by a second observer, usually an American physician. Determinations were done with the subject seated, with a 12-cm., standard wrap-arounid cuff applied to the left arm and recording via a mercury-column sphygmoimanoineter.
Readings were taken as prescribed by the Americaii Heart Association ;3 in particular, the diastolic pressure was recorded at the level at which the Korotkoff souilds disappeared. No subject was included in the report if less than two blood pressures were determined, and pressures quoted are the avera-ge of all readings.
In this manmier, a group of hypertensive subjects conmprising 183 males and 278 females was established (table 1). The preponderance of femiales results from the composition of the civilian population at the time of the atomic bombing. No pregnant women were included. All subjects gave a history and received a phvsical examination; in addition, each received a radiologic examination of the chest, a 12-lead electrocardiogram, and routine laboratory tests including a complete blood count, a serologic test for syphilis, determinations Circulation, Volume XXVIII, September 1963 of serum creatinine, nonprotein nitrogen, cholesterol, a urinalysis, and quantitative cultures of a clean-voided urine specimen. Additional studies were done at the discretion of the medical staff.
Serum cholesterol was determined by the method of Abell et al.,4 and results on samples have been duplicated in the laboratorv of the Framingham Study.5-7 Serumi creatinine was determiined by a modification of the method of Peters and Van Slyke;8 serum triglycerides by the method of Van Handel and Zilversmnit.9 Electrocardiograms were obtained with a direct-writing instrument; each lead was carefully standardized and measurements of QRS amplitude were -made to the nearest 0.3 mm. The average of the shortest anid tallest complexes in the conventionally mounted tracing was used as the final figure. The electrocardiographic criteria for the diaglnosis of left venitricular hypertrophy (LVH) are esselitially those of Sokolow and Lyon10-12 but with slight mlodification in view of the higher voltage norml-ally recorded in Japanese. Yano and Ueda,1-3 in an extensive survey at ABCC, found 4.0 mv. (40 mm.) as miiost suitable for defining high voltage. This degree of high voltage is recorded in 3.6 per cent of Japanese subjects, males more frequently exceeding this value than females.
Radiologic examinations were performed wvith standard 6-foot exposures. The thickness of the dermal fat layer was measured on the routine posteroaniterior chest filmiis at the level of the pulinonary sulcus, where the focus is sharpest. These values were compared with the serum cholesterol concentration determined on the same day in 160 hypertensive males.
Results Factors Influencing Blood Pressure Irradiation Exposure of animals to irradiation can 1induce, acutely, widespread vasculitis-(purpura) and, chroinieally, premlature death from nonispecific causes interpreted to represent accelerated aging.1 Since blood pressure measurements may reflect vascular changes associated with aging,14 a study of hypertension in atomic bomb survivors appeared appropriate. An association was tested by comparing the four exposure groups in respect to (1) sex and age-specific mean blood pressures (tables 2 anid 3); (2) the prevalencee of lhvpertenision, definied clinically, but arbitrarily, as blood pressure persistently exceedingo, 140/90 nmn.
Hg, ( Somile differencees betweeni heavily anid lightly exposed imiales (groups I and II) are observed in the ineani level of blood pressure anid the inceidence of hypertenision (tables 2, 3, anid 4). This difference is not apparent between heavily and lightly exposed females (groups I anid II), nor is a differenee seen between those receivinog light or negligfible irradiation-(groups II and III) in either sex. Furtherniore, the apparetlit decrease in hypertensioni in hIeavily exposed mnales (group I) is nio reater thall in uiiexposed femlales (group IV). That these differeniees are attributable to irradiation is unlikely. If this is not the case, then one must postulate a lowering of blood pressure in heavily exposed (group I) males, the opposite effect in moderately exposed (group II) males, and vo effect in females. Since this lhvpothesis is untenable, we conclude thlat the lblood pressure of atomie boitib survivors lhas not been significantly affected by irradiationi. Accordingly, all irradiation groups are combined and considered as a single group hereafter, 36i9 
SWITZER Age and Race
As expected from other population surveys, blood pressure in Japanese increased with age (tables 2 and 3). ABCC data are essentially the same as those reported by the Welfare Ministry.15 Note that there is a constant blood pressure level from puberty through young adulthood, after which blood pressure increases in a linear fashion until old age. Systolic pressure continues to rise throughout the range surveyed, whereas diastolic pressure appears to level off in old age. There are obvious sex differences: female pressures, contrasted with those of males, are consistently lower in young adulthood, approximately the same throughout middle age, and somewhat higher in old age.
A comparison of blood pressure data froni Japan with those from representative studies in Western countries is appropriate and representative findings are tabulated in table 5.
Only systolic blood pressures are shown but essentially the same picture is seen with regard to diastolic pressures. Since the ABCC sample is primarily chosen from census lists, it may be best to compare ABCC data with similarly compiled data such as those reported by the Framingham (USA) group.7 The Framingham pressures are constantly higher at all ages in both sexes. There is in Japan, however, a geographic gradient with respect to hypertension,16 Hiroshima levels being distinctly lower than those reported from Northern Honshu. In such case, it may be more appropriate to compare Hiroshima figures with those from the southern Atlantic Seaboard, an area with comparable climate.'7 iS Comstock's data'9 on white Georgia residents appear eminently suitable. They are, in fact, strikingly similar to those compiled in Hiro-
shima.
Surveys among Japanese farmers indicate significantly higher blood pressures than those among urban dwellers.16 A similar finding has Japanese authors'6 stress the observation that blood pressure has been rising throughout Japan since shortly after the end of the last war (1945) and they attribute this phenomenon to gradual emergencee from war-time starvation. Insurance statistics compiled by Isshiki22 and quoted by Sehroeder23' 24 would appear to confirm this war-time decrease in blood pressure. This trend may be evidenf in current ABCC data when compared with that obtained 7 years previously-(ME-55 study). The samples are not entirelv the same but overlap sufficiently so as to be comparable. In the earlier study, mean systolic blood pressures are 3 to 7 mm. lower at all ages anid mean diastolic pressures about 3 mm. lower; the differences are more striking in mnales. A small sample'6 examined in Tottori (a prefecture adjacent to Hiroshima) in 1946 suggests mean blood pressures were lower than those now current in Hiroshima by 20 mm. systolic and 12 mmn. diastolic; an impressive difference.
Salt intake and salt metabolism have been intimately linked with hypertension.25 Japanese surveys16 indicate that the level of salt intake in Japan closely parallels the geographic distribution of hypertension and that the urinary sodium-creatinine ratio is elevated in hypertensive subjects. Daily sodium exeretion in rural Hiroshima is of the order of 200 mEq. per day; figures from northern Japan run as high as twice this amount. 26 27 Total sodium excretion was not checked in the current study, but urine sodium coneentrations determined in random samples from 82 hypertensive subjects and 132 suitable comparison subjects without hvpertension were not significantly different.
Secondary Hypertension
A demonstrable etiology for hypertension is as infrequent in Japanese as in Americans. Of the subjects having a blood pressure exceeding 140/90 mm. Hg, 94.4 per cent did not have a demonstrable etiologic disease coexisting. In the remaining 5.6 per cent it remains 
HEART DISEASE IN HIROSHIAIA problematical whether the coexistent disease was indeed etiologic. Nine subjects had primary renal disease other than pyelonephritis; this included predominantly chronic glomerulonephritis (six cases) as well as diabetic glomeruloselerosis, renal tuberculosis, and a case of possible renal infaretion. Eleven women had evident pyelonephritis but it is unlikely that the association was more than coincidence in the majority.28 Two male subjects with an accelerated course had urographic evidence of unilateral renal disease; in one case pyelonephritis and in the other a space-occupying lesion, presumably a cyst. Ten women gave a definite history of preeclampsia or eclampsia, but their course was not distinguishable from a suitable comparison group. A diagnosis of irradiation nephritis was not made. This is not unexpected, since the radiation dose required to induce nephritis29 would have been fatal under the conditions of exposure (whole body dose) in Hiroshima.
Clinical Course of Hypertension in Japan
The clinical picture of uncomplicated hypertensioln appears alike in Japanese and
Americans. Most often the diagnosis is made as a result of a casual blood pressure determination rather than from unusual symptoms. A complaint characteristic of middle-aged Japanese, which they associate with hypertension, is "head-heaviness" ("atama-gaomoi'") ; mild "'hang-over'" would be the American equivalent. Other symptoms are fairly nonspecific. Physical examination was Circulation, Volume XXVIII, September 1963 seldom remarkable. In particular, advanced changes in the ocular fundi were rarely seen. Although severe arterial constrictions ("silver-wire" appearanee) were conimonly seen and small hemorrhages occasionally founid, exudates were rare. True exudation was seen in only three of the 461 subjects in the study, while advanced retinopathy, i.e., papilledema, macular star-figures, retinal detachment, etc., was never seen.
Laboratory findings were seldom markedly abnormal. Proteinuria exceeding 1+ was noted in only 12 cases and was attributable to hypertension alone only once. In the remaining 11 cases it was seconidary to pre-existing renal disease in eight instances, associated with polyeythemia vera twice and prostatic suppuration once. Mild (trace or 1+) or occasional proteinuria was seen with equal frequency in the sexes and was not clearly related to age (table 6). Serum creatinine levels were elevated in less than 1 per cent of the cases. These findings are compatible with the studies of Moyer et al.,30 which showed the decrease in renal function in the blood pressure range covering most of our subjects to be so minimal as to escape detection by epidemiologic methods. Roentgenologic examination frequently demonstrated aortic caleifieation in elderly Japanese (table 6) . Indeed, these figures give no indication that it is aniy less common than in the United States.31 Unexpected, however, was the finding in females of appreciably more aortic calcification than in males of the same age. tenisioni was noted in three males and three females, giving a crude estimate of onie aceelerated ease per 100 hypertenisive subjects. This agrees with previous estimates.32 A significant morbidity from strokes was nioted and, as may be seen in table 6, a history of this complication was elicited from 7.7 per cent of those over 60 years of age. (A somewhat greater number of subjects is tabulated for this complication because several of these patients were confined to their homes with residual disabilities and were examined there rather than in the clinic.)
Heart Disease
As currently conceived, persistent hypertension results in cardiac hypertrophy, the clinical diagnosis of which usually depends upon well-known radiologic or electrocardiographic findings. The electrocardiographic diagnosis of left ventricular hypertrophy (LIVH) was made in 7.7 per cent of hypertensive males and 6.6 per cent of hypertensive females. This finding was strikingly correlated with the ambient systolic blood pressure, as shown in table 7 . From a negligible rate at blood pressures below 160 mm. Hg systolic the prevalence rose geometrically to include nearly half of those subjects with a systolic pressure exceeding 220 mm. Hg. Age and sex were not significant determinants.
Of the 33 subjects with LVH only two (6 per cent) simultaneously exhibited ischemic heart disease (angina pectoris). This contrasts sharply with 29 per cent of the 80 American subjects with LVIH reported by Chapman et al. 33 In the entire ABCC sample (table 6) . The combined prevalence of angina pectoris and inyocardial infarction is 3 per cenit or less. Congestive heart failure was found in only three elderly individuals, a prevalence of less than 1 per cent. And even more strikingly, acute left ventricular failure (pulmonary edema) was never seen during this study nor did any subject give a history of such an attack.
The Framingham group6'7 has found " LIVH or LV-strain" of grave prognostic import.
Follow-up studies have indicated that this finding imparts to hypertensive subjects a four-fold increase in the risk of developing overt ischemic heart disease. Gubner and Ungerleider34 cite the mortality risk of subjects with LVH to be 3.4 times that of the general population and twice that of hypertensive subjects not exhibiting left ventricular hypertrophy. It remains to be seen if Japanese, with an otherwise low incidence of ischemic heart disease, experience such enhanced risk.
The relative prevalence of ischemic heart disease, as could be anticipated, is age dependent (table 6). It was not detected below the age of 50 in the hypertensive sample as well as in the normotensive subjects concurrently examined. Beyond that age, ischemic heart disease was seen in approximately 4 per cent of the hypertensive subjects. No significant difference was noted between the sexes, the age-adjusted male:female ratio being 0.85. This lack of significant difference between the sexes is compatible with Japanese mortality data and has also been reported for other populations with low rates of ischemic heart disease. 35 In contrast, Framiugham reports a male:female morbidity ratio of 2.4:1 in the range of 45 to 62 years. This is compatible with American mortality data, whieh consistently show a two-to five-fold preponderance of male deaths.36
It should be noted that in the Albany and Framingham studies, myocardial infarction was confirmed most frequently by a positive history as well as the appropriate electrocar-Circulation, Volume XXVIII, September 1963 Serum cholesterol levels are decidedly lower in Japanese than in Americans. The mean value for Japanese males over 30 examined at ABCC is 148 mg. per cent and varies only negligibly with age (table 9 ). This value is the same as that found by Keys in southern Japan. 39 The distribution of values is a log-Circulation, Volume Triglyceride levels were determined in sera from 80 male and female Japanese, evenly distributed over the age range of 30 to 69 years. The values were compared with simultaneous determinations on sera from 25 American marines under 30 years of age. No difference between the fasting triglyceride levels (means of 80 and 79 mg. per cent, respectively) and that reported for young adult American males9 was noted. In the Japanese sample, triglycerides did not change significantly with age. The low triglyceride and cholesterol levels When the hypertensive women are divided into two groups, normal and overweight, on the basis of the examining physician's subjective appraisal, the median cholesterol values are 163 and 185 ing. per cent respectively (table 10). The magnitude of this difference is as great as the apparent rise in cholesterol levels with age, but is not due to a fortuitous segregation of the two groups into young and old, as can be seen from their similar ages. Indeed, the obese subjects are somewhat younger, and the small differenee in age is in the opposite direction to that of the cholesterol levels. A reliable measurement of leannessfatness was not made in these women, but weight-height ratio shows a correlation coefflcient with serum cholesterol of 0.23 and is statistically significant at the 1 per cent level.
The relationship between adiposity and serum cholesterol was more readily tested in men, in whom leanness-fatniess could be assessed by measuring the dermal fat layer radiographically.40' 41 A statistically significant correlation coefficient of 0.36 (p <.001) was obtained, indicating that 13.0 per cent of the variance of the cholesterol value is associated with variation in the subcutaneous fat of the ehest. Similar measurements in English medical students with a much narrower age distribution are reported to have a correlation coefficient of 0.431 with a varianee of 18.6 per cent.42 This association was apparent elinically; it was noted that 29 per cent (eight subjects) of the obese males had serum cholesterol levels exceeding 220 mg. per cent, whereas less than 1 per cent (one subject) of the nonobese exceeded this level (table 10). The reason for this phenomenon was not readily apparent and could not be attributed to coexisting diseases such as diabetes.
Obesity was of obvious prognostic import in the development of ischemic heart disease. Of the five hypertensive males with ischemic heart disease, four were obese on the basis of skin-fat measurements; the fifth was neither obese nor hypercholesteremic. Conversely, isehemic heart disease was present in 11 per cent of the obese hypertensive males but in only 0.8 per cent (a single case) of the nonobese. This effect of obesity could not be dissociated from its influence on blood cholesterol levels, since the number of subjects is small. Nevertheless, the effect, however, mediated, is impressive.
Discussion
It is evident from this study, as well as others,26' 27 that the course of hypertension in Japanese is quite different from that in Western populations. In the United States, heart disease is the most common complication in patients with hypertension and also the 44 This does not appear to be so in Japan, where patients with hypertension seldom develop symptomatic heart disease and are much more likely to die of a cerebrovascular accident. This is especially evident when comparing the subjects in the current study with those reported from the U.S. In table 11 such a comparison is made for the prevalence of ischemic heart disease in hypertensive Japanese and American males unselected as to blood pressure. 7 33, 37, 38 The prevalence of ischemic heart disease in Americans is at least twice that in the Japanese studied at ABCC. Since the same American studies find hypertension to enhance the risk of developing ischemic heart disease, the difference would be more striking if groups with strictly comparable blood pressure were compared. This comparison, however, considers only myocardial infaretion and angina pectoris. It is also important to point out that congestive failure in hypertensive Japanese is at least as uncommon as these manifestations of ischemic heart disease and can be considered a rare complication. On the other hand, left ventricular hypertrophy is rather common. It may be inferred from this that hvpertrophy naturally follows hypertension but that congestive failure depends upon some superimposed factor. It appears likely that this factor is ischemic heart disease due to atherosclerosis, since autopsy studies indicate a comparatively low incidence of this condition in Japanese. For example, Shu Yeh has found gross atherosclerosis in Japanese under age 40 to be one quarter as frequent as in Americans and in middle-age one half as frequent; when the severity of the atherosclerosis was considered, the difference was enhanced. As to major diseases present at autopsy, cardiovascular ones were five times as frequent in Americans as in Japanese. 24 What are the possible environmental factors? One striking difference between the two populations is the diet. Japanese eat about 20
GUn. of fat per day, of whieh 80 per cenit is of plant origin,45 whereas Americans, by contrast, eat at least five times as much fat, main-Circulation, Volume XXVIII, September 1963 ly of animal origin.46 7 The ilntake of animal fat by Americans is thus 20 or more times that eaten by Japanese. It is, therefore, not unexpected that blood lipid levels differ considerably in these two populations. Americans characteristically display high cholesterol levels ascending with age, which is typical of societies with diets rich in fats.48-50 Relatively low levels changing little throughout life are seen in Japanese as well as Guatemalan natives,51 Delhi Indians,52 53 and lower class Italians,48 who share in common with Japanese a diet low in fat. In contrast to native Japanese, Nisei have cholesterol levels equivalent to those of other Americans. 39 Elevation of blood cholesterol levels has frequently been associated with a higher risk of ischemic heart disease. The Framingham Study suggests that a serum cholesterol in excess of 260 mg. per cent is particularly meaningful.6 Since this value is less than one standard deviation greater than the American mean value, approximately 20 per cent of American males, especially older ones, share an enhanced risk. On the other hand, this value exceeds the mean for Japanese (as obtained in this study) by some three standard deviations, and, therefore, less than one Japanese male in a hundred is similarly endowed. Furthermore, such individuals appear to be predominantly the obese. This interesting observation intimately relates two of the most frequenitly imnplicated factors predisposing to ischemic heart disease in our western society.
Recently miuclh emplhasis has been placed on the prognostic value of the fasting triglyceride level. In this regard, it is noteworthy that triglyceride levels in our Japanese subjects are the same as reported for young Americans,9 and fail to discriminate between the two populations. Cholesterol levels, on the other hand, readily distinguish the groups in question. A triglyceride level rising with age, as reported by Albrink and Mann54 in a nonrandom U.S. sample, was not seen in the current Japanese sample. This may be attributable to the relative leanness of Japanese, since Albrink et al. 55 have recently presented evidence relating rising serum triglyceride levels to increasing obesity rather than age. The apparent correlation between triglyeerides and age is attributed to increasing obesity as Americans grow older.
Certain implications of the current data stand out in particular. The finding that Japanese patients with hypertension seldom developed symptomatic heart disease, suggests that heart disease is not a necessary complication of hypertension alone. Those few Japanese who do develop cardiac complications are largely obese and hypercholesteremic individuals (by Japanese standards). Presumably obesity and hypercholesteremia predispose the patient with hypertension to ischemic heart disease. It is therefore reasonable to suggest that the control of weight and blood lipids may be an effective method for the prevention of heart disease among patients with hypertension. Obviously well-controlled, prospective studies will be required to prove this point in non-Japanese. Nevertheless, the control of weight and reduction of blood lipid levels56' 7 would appear to be sound adjuncts in the management of hypertensive individuals regardless of ethnic origin. Summary A random sampling of Hiroshima residents, comprising 1,051 males and 1,872 females, has been studied with respect to the interrelations of hypertension, ischemic heart disease, blood lipid levels, and ionizing irradiation experienced during the atom bombing of 1945. No significant effect of ionizing irradiation upoIn the cardiovascular system has been detected.
No major difference in age-sex specific mean blood pressures between Hiroshima residents and a suitable white American comparison group was found. Dissimilarities noted with other groups compared are considered due to the sum of sampling bias, varying technics, and coincidental environmental factors rather than a true racial difference. Blood pressure levels, stable from puberty through young adulthood, begin to rise early in middle age and coiitinue to rise into old age. As a result, hypertension as clinically defined (140/90), is common in middle-aged and elderly Japaniese. In 94.4 per cent of instances, or more, a demonstrable etiology for hypertension could not be found; these are considered to represent essential hypertension.
An accelerated course with fulminating vascular deterioration was suspected in only 1 per cent of the hypertensive subjects. As a result, advanced retinopathy and renal failure were rarely seen. Electrocardiographic evidence of left ventricular hypertrophy occurred in 7.2 per cent of the hypertensive Japanese in this study, and was readily correlated with the ambient svstolic blood pressure. Evidence of ischemic heart disease and congestive failure is rare and distinctly less common than in American males unselected as to blood pressure levels. In contrast, mortality statistics indicate cerebrovascular disease to be at least as common in Japan as in the U. S. Japanese exhibit low serum cholesterol concentrations bv Western standards and elevated levels are predominantlv limited to the obese. Both factors appear of importance in the occasional hypertensive Japanese with ischemic heart disease. The therapeutic implication of this observation is briefly discussed.
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